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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polymer / 
liquid crystal composite material which is highly 
transparent and optically isotropic, in spite of having a 
high liquid crystal material content, and exhibits a largely 
stable Kerr coefficient in a wide temperature range, to 
provide a method for producing the same, and to provide 
an optical element using the same. 
SOLUTION: This polymer / liquid crystal composite 
material is characterized by comprising a polymer and a 
liquid crystal material, substantially not diffusing light 
having wavelengths which are not less than those of 
. visible light, being isotropic, when an electric field is not 
applied to the composite material, and using a liquid 
crystal having chirality as the liquid crystal. The 
polymer / liquid crystal composite material, wherein a 
Kerr coefficient shows >1 * 10-9 mV-2. And the 
polymer / liquid crystal composite material, wherein a 
Kerr coefficient shows >1 x 10-10 mV-2 and there is a 
region where a ratio of a Kerr coefficient at a 
temperature difference of 10° C is £1.5. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

The macromolecule / liquid crystal composite material characterized by being isotropy optically 
while it consists of a macromolecule and a liquid crystal ingredient, and light of the wavelength 
beyond a visible ray is not scattered about substantially and electric field are not impressed, and 
a liquid crystal ingredient being a liquid crystal ingredient which has chirality. 
[Claim 2] 

The macromolecule / liquid crystal composite material according to claim 1 which a car multiplier 
shows 1x10 to 9 mV to more than [ 2 ]. 
[Claim 3] 

The macromolecule / liquid crystal composite material according to claim 1 with which a car 
multiplier shows 1x10 to 10 mV to more than [ 2 ], and the field whose ratio of a 10 degrees C 
[ of temperature gradients ] car multiplier is 1.5 or less exists. 
[Claim 4] 

The macromolecule / liquid crystal composite material according to claim 1 using the liquid 
crystal ingredient whose chiral pitch length a chiral nematic phase or a blue phase is presented 
at a room temperature, and is 10nm from 100 micrometers. 
[Claim 5] 

The macromolecule / liquid crystal composite material according to claim 1 using the liquid 
crystal ingredient whose chiral pitch length a chiral nematic phase or a blue phase is presented 
at a room temperature, and is 10nm from 10 micrometers. 
[Claim 6] 

The macromolecule / liquid crystal composite material according to claim 1 using the liquid 
crystal ingredient whose chiral pitch length a chiral nematic phase or a blue phase is presented 
at a room temperature, and is 10nm from 1 micrometer. 
[Claim 7] 
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The macromolecule / liquid crystal composite material according to claim .1 whose liquid crystal 
ingredient content is 65 - 99 % of the weight. 
[Claim 8] 

The macromolecule / liquid crystal composite material according to claim 1 with which a 
macromolecule has the structure' of cross linkage. 
[Claim 9] 

The macromolecule / liquid crystal composite material according to claim 1 with which a 
macromolecule has a meso gene part. 
[Claim 10] 

The macromolecule / liquid crystal composite material according to claim 1 characterized by the 
square and electric-double-refraction value of impression electric field being in proportionality. 
[Claim 11] 

The approach which is an approach of manufacturing a macromolecule / liquid crystal composite 
material according to claim 1, and is characterized by ending a polymerization in the isotropic 
condition optically [ light of the wavelength beyond a visible ray is not scattered about 
substantially, and ] in the polymerization of the mixture of a monomer and a liquid crystal 
ingredient 
[Claim 12] 

The light corpuscle child characterized by using the macromolecule / liquid crystal composite 
material of a publication for any 1 term of claims 1-10. 
[Claim 13] 

The electrode with which at least one side was formed in both the substrate of a transparent 
pair, and this both [ one side or ], It is the liquid crystal display equipped with an electric-field 
impression means to have a polarizing plate on the outside of the liquid crystal layer pinched 
between said substrates, and said substrate, and to impress electric field to a liquid crystal layer 
through said electrode. It consists of a macromolecule / liquid crystal composite material with 
which said liquid crystal layer consists of a macromolecule and a liquid crystal ingredient. While 
not impressing electric field, are isotropy optically, and optical anisotropy is shown at the time of 
electric^field impression. The chiral pitch length in a room temperature has [ said liquid crystal 
ingredient ] 10nm chirality from 100 micrometers. It is the liquid crystal display component which 
said macromolecule forms the network structure of three-dimensions bridge formation, and a 
liquid crystal ingredient forms one continuous layer in this macromolecule, and is characterized 
by the content of the liquid crystal ingredient to a liquid crystal layer being 65 - 99 % of the 
weight. 
[Claim 14] 

The liquid crystal display component according to claim 13 to which the chiral pitch length of the 
liquid crystal ingredient used for a liquid crystal layer is characterized by being 10nm from 1 
micrometer at a room temperature. 
[Claim 15] 

The liquid crystal display component according to claim 13 or 14 to which the liquid crystal 
ingredient used for a liquid crystal layer presents a chiral nematic phase or a blue phase at a 
room temperature, and the chiral pitch length of this liquid crystal ingredient is characterized by 
being lOnm from 1 micrometer at a room temperature. 
[Claim 16] 

A liquid crystal display component given in any 1 term of claims 13-15 characterized by 
constituting the electrode so that it may be parallel to a substrate side and electric field can be 
impressed at least on one substrate of the substrate of a pair at a 2-way. 
[Claim 17] 

A liquid crystal display component given in any 1 term of claims 13-16 which an electrode is 
formed in the shape of a matrix, constitute a pixel electrode, equip each pixel with an active 
component, and are characterized by this active component being a thin film transistor (TFT). 
[Claim 18] 

The liquid crystal display using a liquid crystal display component given in any 1 term of claims 
13-17. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the manufacture approach of the macromolecule / liquid crystal 
composite material which consists of a macromolecule and a liquid crystal ingredient, and this 
composite material, and the light corpuscle child using it. . 
[Background of the Invention] 
[0002] 

In this invention, a light corpuscle child points out various kinds of components which do so 
functions, such as light modulation and optical switching, using the electro-optical effect. In a 
display, an optical transmission system, and optical information processing and various sensor 
systems, the light modulation element to which luminous intensity, a phase, or plane of 
polarization is changed with the electrical signal from the outside is needed. The Pockels effect 
and the Kerr effect are known about the light modulation using change of the refractive index by 
electric-field impression. The Kerr effect is the phenomenon in which electric-double-refraction 
value deltanE is proportional to the square of electric field E, and delta nE=KlambdaE 2 is 
materialized with the ingredient in which the Kerr effect is shown (K:car multiplier (Kerr 
constant), lambda: wavelength). Here, electric double refraction is a birefringence value by which 
induction is carried out, when electric field are impressed to an isotropic medium. 
[0003] 

The Kerr effect is observed also in the temperature whose liquid crystal ingredient is an 
isotropic phase, and the very big Kerr constant is observed in right above [ nematic phase (chiral 
nematic phase)-isotropic phase transition-temperature ]. This is considered to originate in 
existence of the short-distance order of the nematic molecular arrangement in an isotropic 
phase. However, it poses a problem that the temperature requirement which shows a big Kerr 
constant to utilization of the light corpuscle child using the big car multiplier of a liquid crystal 
ingredient is narrow. The technique which forms the minute drop of a liquid crystal ingredient 
into a giant-molecule matrix is reported using 33% of nematic liquid crystal (E-7, deltan 
(refractive-index anisotropy value) =0.224, deltaepsilon(dielectric constant anisotropy value) 
=13.8) of the whole giant molecule / liquid crystal composite material, using Norland 60 (epoxy 
resin) as a giant molecule (see the patent reference 1 and the nonpatent literature 1). The car 
multiplier of this ingredient is about 4x10-10mv-2 [ near the room temperature ], and its 
temperature dependence is large. Moreover, a macromolecule etc. divides a mere nematic liquid 
crystal into the very small field of extent hardly scattered about in a visible ray, and the 
approach of operating as a Kerr effect ingredient is proposed (see the patent reference 2). It 
consists of complex which consists of a nematic liquid crystal which has a giant-molecule 
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network and a continuous phase by Kikuchi and others, and the technique of making the common 
liquid crystal molecule ensemble who has short-distance order according to the three-dimension 
network structure of a giant molecule forming actively is reported (see nonpatent literature 2, 
nonpatent literature 3, or the nonpatent literature 4). However, in the technique shown in these, 
the manifestation temperature requirement of the Kerr effect is inadequate, and a car multiplier 
is also small. Furthermore, the liquid crystal content in the macromolecule / liquid crystal 
composite material shown in these is less than 60%. 
[0004] 

In order to produce the great light corpuscle child, it is required to make light of the wavelength 
field more than the light into isotropy (for it to only be hereafter called isotropy) optically [ it is 
not scattered about substantially, and (it may only be hereafter called high transparency) ], next 
to show a car multiplier with big its macromolecule / liquid crystal composite material over a 
stably large temperature requirement. Since there are few parts which contribute to change of a 
birefringence at the time of electric-field impression when it is used as a light corpuscle child, 
big electric double refraction cannot be made to discover, if the liquid crystal content in 
composite material is low. On the other hand, if liquid crystal content is made high, desired high 
transparency and isotropy cannot be held. However, the technique which solved this technical 
problem that carries out antinomy is not found. 
[0005] 

[Patent reference 1] JP,63-253334,A 
[Patent reference 2] JP.1 1 -1 83937,A 

[Nonpatent literature 1] J. Appl. Phys., 67(9),4253-4259(1 990) 

[Nonpatent literature 2] Macromolecule collected works, vol.59, No.10, and 602-607 (2002) 
[Nonpatent literature 3] The page 17,413 of collection 3D of the 22nd liquid crystal debate 
lecture drafts (1996) 

[Nonpatent literature 4] 07 or 217 pages (1996) of collection of Japanese Liquid Crystal Society 

debate lecture drafts 3C 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0006] 

Although the purpose of this invention has for example, high liquid crystal (liquid crystal 
ingredient) content, it is high transparency and isotropy and it is offering the macromolecule / 
liquid crystal composite material in which the car multipliers large and stabilized over the large 
temperature requirement is shown, and the light corpuscle child (for example, liquid crystal 
display component) using the manufacture approach and it. 
[Means for Solving the Problem] 
[0007] 

this invention person used to find out that the composite material of the liquid crystal ingredient 
which has a giant-molecule network and chirality as a result of examining a liquid crystal 
ingredient and a giant molecule, in order to improve the fault of the conventional technique 
discovers high transparency and isotropy though it is high-concentration liquid crystal ingredient 
content and that this ..composite material discovers a big car multiplier in a large temperature 
requirement and that the temperature dependence of a car multiplier is still smaller, and used to 
reach this invention. 
[0008] 

In this way, the above-mentioned technical problem is attained by this invention showri in the 
following terms. 

[1] The macromolecule / liquid crystal composite material characterized by being isotropy 
optically while it consists of a macromolecule and a liquid crystal ingredient, and light of the 
wavelength beyond a visible ray is not scattered about substantially and electric field are not 
impressed, and a liquid crystal ingredient being a liquid crystal ingredient which has chirality. 
[2] A macromolecule / liquid crystal composite material with a car multiplier given in 1x1 0[1] 
which shows -9 mV to more than [ 2 ] term. 

[3] a car — a multiplier — one — x — ten - ten — mV - two — more than — being shown — 
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and — a temperature gradient — ten — degree C — a car — a multiplier — a ratio — 1 .5 — 
less than — it is — a field — existing — [ — one — ] — a term — a publication — a 
macromoiecule — / — liquid crystal — composite material . 

[4] A macromoiecule / liquid crystal composite material given in [1] term using the liquid crystal 
ingredient whose chiral pitch length a chiral nematic phase or a blue phase is presented at a 
room temperature, and is 1 0nm from 1 00 micrometers. 

[5] A macromoiecule / liquid crystal composite material given in [1] term using the liquid crystal 
ingredient whose chiral pitch length a chiral nematic phase or a blue phase is presented at a 
room temperature, and is 1 0nm from 1 0 micrometers. 

[6] A macromoiecule / liquid crystal composite material given in [1] term using the liqiJid crystal 
ingredient whose chiral pitch length a chiral nematic phase or a blue phase is presented at a 
room temperature, and is 10nm from 1 micrometer. 

[7] A macromoiecule / liquid crystal composite material given in [1] term whose liquid crystal 
ingredient content is 65 - 99 % of the weight. 

[8] A macromoiecule / liquid crystal composite material given in [1] term in which a 
macromoiecule has the structure of cross linkage. 

[9] A macromoiecule / liquid crystal composite material given in [1] term in which a 
macromoiecule has a meso gene part. 

[10] A macromoiecule / liquid crystal composite material given in [1] term characterized by the 
square and electric-double-refraction value of impression electric field being in proportionality. 
[1 1] The approach which is an approach of manufacturing the macromoiecule / liquid crystal 
composite material of a publication in [1] term, and is characterized by ending a polymerization in 
the isotropic condition optically [ light of the wavelength beyond a visible ray is not scattered 
about substantially, and ] in the polymerization of the mixture of a monomer and a liquid crystal 
ingredient. 

[12] [1] Light corpuscle child characterized by using the macromoiecule / liquid crystal 
composite material of a publication for any 1 term of - [10]. 

[13] The electrode with which at least one side was formed in both the substrate of a 
transparent pair, and this both [ one side or ], It is the liquid crystal display equipped with an 
electric-field impression means to have a polarizing plate on the outside of the liquid crystal 
layer pinched between said substrates, and said substrate, and to impress electric field to a 
liquid crystal layer through said electrode. It consists of a macromoiecule / liquid crystal 
composite material with which said liquid crystal layer consists of a macromoiecule and a liquid 
crystal ingredient. While not impressing electric field, are isotropy optically, and optical 
anisotropy is shown at the time of electric-field impression. As for a liquid crystal ingredient, the 
chiral pitch length in a room temperature has 10nm chirality from 100 micrometers in the first 
half. It is the liquid crystal display component which said macromoiecule forms the network 
structure of three-dimensions bridge formation, and a liquid crystal ingredient forms one 
continuous layer in this macromoiecule, and is characterized by the content of the liquid crystal 
ingredient to a liquid crystal layer being 65 - 99 % of the weight. 

[14] liquid crystal — a layer — using — liquid crystal — an ingredient — chiral — a pitch — 
merit — a room temperature — one — micrometer — from — ten — nm — it is — things — 
the description — ** — carrying out — [ — 13 — ] — a term — a publication — a liquid crystal 
display — a component . 

[15] [13] to which the liquid crystal ingredient used for a liquid crystal layer presents a chiral 
nematic phase or a blue phase at a room temperature, and the chiral pitch length of this liquid 
crystal ingredient is characterized by being 10nm from 1 micrometer at a room temperature, or a 
liquid crystal display component given in [14]. 

[16] A liquid crystal display component given in any 1 term of [13] - [15] characterized by 
constituting the electrode so that it may be parallel to a substrate side and electric field can be 
impressed at least on one substrate of the substrate of a pair at a 2-way. 
[17] A liquid crystal display component given in any 1 term of [13] - [16] which an electrode is 
formed in the shape of a matrix, constitutes a pixel electrode, equips each pixel with an active 
component, and is characterized by this active component being a thin film transistor (TFT). 
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[18] [13] Liquid crystal display using a liquid crystal display component given in any 1 term of - 

[17]. 

[0009] 

They are the macromolecule / liquid crystal composite material characterized by the 1st 
invention in this invention being a liquid crystal ingredient with which it is isotropy optically while 
light of the wavelength beyond a visible ray is not scattered about substantially and electric field 
are not impressed, and a liquid crystal ingredient has chirality. 
[0010] 

In this invention, desirable modes are the macromolecule / liquid crystal composite material with 
which a car multiplier shows 1x10 to 9 mV to more than [ 2 ], and a car multiplier shows 1x10 to 
10 mV to more than [ 2 ] especially preferably, and the field whose ratio of a 10 degrees C [ of 
temperature gradients ] car multiplier is 1.5 or less exists. In this invention, a still more desirable 
mode presents a chiral nematic phase or a blue phase at a room temperature, and are the 
macromolecule / liquid crystal composite material using the liquid crystal ingredient whose chiral 
pitch length is 10nm from 100 micrometers. In this invention, a still more desirable mode 
presents a chiral nematic phase or a blue phase at a room temperature, and are the 
macromolecule / liquid crystal composite material using the liquid crystal ingredient whose chiral 
pitch length is 10nm from 10 micrometers. In this invention, a still more desirable mode presents 
a chiral nematic phase or a blue phase at a room temperature, and chiral pitch length is the 
macromolecule / liquid crystal composite material using a 10nm liquid crystal ingredient from 1 
micrometer. 

In this invention, still more desirable modes are the macromolecule / liquid crystal composite 
material whose liquid crystal ingredient content is 65 - 99 % of the weight. 
In this invention, another desirable modes are the macromolecule / liquid crystal composite 
material with which a macromolecule has the three-dimensions structure of cross linkage. 
In this invention, another desirable modes are the macromolecule / liquid crystal composite 
material with which a macromolecule has a meso gene part 

Another desirable modes in this invention are the macromolecule / liquid crystal composite 
material which has the square of impression electric field, and electric-double-refraction value 
deltanE in proportionality. 
[0011] 

The 2nd invention in this invention is the approach of manufacturing the above-mentioned 
macromolecule / liquid crystal composite material, and is an approach characterized by ending a 
polymerization in the isotropic condition optically [ light of the wavelength beyond a visible ray is 
not scattered about substantially, and ] in the polymerization of the raw material monomer of a 
macromolecule, and the mixture of a liquid crystal ingredient. The 3rd invention in this invention 
is a light corpuscle child characterized by using the above-mentioned macromolecule / liquid 
crystal composite material. 
[0012] 

The 4th invention in this invention Furthermore, the substrate of a pair at least with transparent 
one side, It has a polarizing plate on the outside of the electrode formed in both these both [ one 
side or ], the liquid crystal layer pinched between said substrates, and said substrate. It is the 
liquid crystal display equipped with an electric-field impression means to impress electric field to 
a liquid crystal layer through said electrode. It consists of a macromolecule / liquid crystal 
composite material with which said liquid crystal layer consists of a macromolecule and a liquid 
crystal ingredient. Are isotropy optically at the time of non-electric field, and optical anisotropy 
is shown at the time of electric-^field impression. The chiral pitch length in a room temperature 
has [ said liquid crystal ingredient ] 1 0nm chirality from 1 00 micrometers. It is the liquid crystal 
display component which said macromolecule forms the network structure of three-dimensions 
bridge formation, and a liquid crystal ingredient forms one continuous layer in this 
macromolecule, and is characterized by the content of the liquid crystal ingredient to a liquid 
crystal layer being 65 - 99 % of the weight. 
[0013] 

In this this invention, a desirable mode is a liquid crystal display component to which the chiral 
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pitch length of the liquid crystal ingredient used for a liquid crystal layer is characterized by 
being lOnmfrom 1 micrometer at a room temperature. In this invention, a still more desirable 
mode is a liquid crystal display component to which the liquid crystal ingredient used for a liquid 
crystal layer presents a chiral nematic phase or a blue phase at a room temperature, and the 
chiral pitch length of this liquid crystal ingredient is characterized by being 10nm from 1 
micrometer at a room temperature. 

In this invention, another desirable mode is a liquid crystal display component characterized by 
constituting the electrode so that it may be parallel to a substrate side and electric field can be 
impressed at least on one substrate of the substrate of a pair at a 2-way. 
In this invention, still more nearly another desirable mode is aHiquid crystal display component 
which an electrode is formed in the shape of a matrix, constitutes a pixel electrode, equips each 
pixel with an active component, and is characterized by this active component being a thin film 
transistor (TFT). 

The 5th invention in this invention is a liquid crystal display which uses the above-mentioned 
liquid crystal display component. 
[Effect of the Invention] 
[0014] 

By this invention, light of the wavelength field for example, more than the light is not scattered 
about substantially, and (high transparency) preparation of the macromolecule / liquid crystal 
composite material which is isotropy (isotropy) optically is attained, and this macromolecule / 
liquid crystal composite material show a big Kerr constant over a stably large temperature 
requirement. Compared with the conventional technique, the light corpuscle children using the 
macromolecule / liquid crystal composite material of this invention are low electric field, or are 
high transparency and isotropy, or even if a dielectric constant anisotropy and a refractive-index 
anisotropy use a low liquid crystal ingredient (liquid crystal ingredient which resistivity is high and 
is generally excellent in dependability), they can reach a desired electric-double-refraction value. 
Furthermore, the light corpuscle child using this has the features that the temperature 
dependence of a Kerr constant is small in a large temperature requirement. 
[Best Mode of Carrying Out the Invention] 
[0015] 

This invention is explained to a detail below. In this invention, a liquid crystal ingredient means 
the single compound or liquid crystal constituent in which a liquid crystal phase is shown in the 
temperature to be used. In this invention, a macromolecule / liquid crystal composite material 
means the composite material which consists of a macromolecule and a liquid crystal ingredient. 
This invention realizes the macromolecule / liquid crystal composite material which is high 
transparence also in high liquid crystal ingredient content, and is isotropy, consequently enables 
it to discover a car multiplier with this big composite material by using the liquid crystal 
ingredient which has chirality. Here, in this invention, the macromolecule / liquid crystal 
composite material which are high transparence and are isotropy are not substantially scattered 
about in the light of the wavelength field more than the light, and mean that it is isotropy 
optically. 
[0016] 

Moreover, in this invention, the liquid crystal ingredient which the liquid crystal ingredient which 
has chirality points out the liquid crystal ingredient containing a chiral compound, for example, 
discovers a chiral nematic phase (cholesteric phase), blue phase, and chiral smectic C phase or a 
chiral smectic CA phase can be mentioned. Thus, as a liquid crystal ingredient which is one of 
the components of the composite material of this invention, and has chirality, especially a 
desirable thing is the thermotropic liquid crystal ingredient which consisted of cylindrical 
compounds, and presents a chiral nematic phase or a blue phase in a room temperature. In 
addition, what presents a chiral smectic C phase or a chiral smectic CA phase in a room 
temperature is desirable. Of course, the known liquid crystal ingredient used for the liquid crystal 
display component can also be used together. 
[001 7] 

The macromolecule / liquid crystal composite material of this invention using the liquid crystal 
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ingredient which has chirality are isotropy in high transparence, and it is thought of because the 
condition that the correlation length of a liquid crystal ingredient is presenting finite and a long- 
distance liquid crystal phase microscopically is invented to discover a big car multiplier although 
it is isotropy macroscopically by dividing the molecular arrangement order of the liquid crystal 
ingredient which has chirality in the macromolecule network. 
[0018] 

The liquid crystal ingredient which has the chirality used in this invention like previous statement 
is a liquid crystal ingredient containing a chiral compound, namely, a liquid crystallinity compound 
[ achiral / as a liquid crystal ingredient which has a chiral nematic phase, blue phase, and chiral 
smectic C phase or a chiral smectic CA phase ] or a liquid crystallinity constituent (the word of 
liquid crystallinity reduces liquid crystal phase-isotropic phase transition temperature remarkably 
by mixing with the thing which has a liquid crystal phase, or a liquid crystal ingredient — there is 
nothing — although — a generic name — it is .) the following — being the same — the thing 
which mixed the chiral compound or constituent a chiral liquid crystal compound, or a liquid 
crystal constituent can be used. 
[0019] 

The chiral pitch length of a liquid crystal ingredient which has the chirality used in this invention 
can be adjusted by mixing two or more sorts of liquid crystallinity compounds with which pitch 
length differs. However, the pitch length of an achiral compound is taken as infinity in this case. 
The inclination which serves as high transparency and isotropy more is seen, so that the chiral 
pitch length of a liquid crystal ingredient is short if giant-molecule content is the same. 
Therefore, generally the chiral pitch length in the room temperature of the liquid crystal 
ingredient used by this invention is 100 micrometers - 10nm, is 10 micrometers - 10nm 
preferably, and is 1 micrometer - 10nm especially preferably, for example, may be 1 micrometer 
- 100nm or 1 micrometer - 50nm. If the liquid crystal ingredient which is 1 micrometer or less is 
used, it will become high transparency and isotropy remarkably. 

There is no special limit about the positive/negative of the dielectric constant anisotropy of the 
liquid crystal ingredient used for this invention. However, respectively, since a car multiplier 
becomes large so that it is large, the absolute value of a dielectric constant anisotropy value 
(deltaepsilon) and refractive-index anisotropy value (deltan) of a liquid crystal ingredient are so 
desirable that all are large. However, since it is in the inclination for the resistivity of a liquid 
crystal ingredient to become large so that the absolute value of a dielectric constant anisotropy 
value or a refractive-index anisotropy value becomes large, it may become a problem in case it 
actually uses as a light corpuscle child. If the liquid crystal ingredient which has chirality 
according to this invention, and the composite material of a macromolecule are used, since it is 
possible to make liquid crystal ingredient content high, even if it uses the liquid crystal ingredient 
of a dielectric constant anisotropy value lower than the conventional technique and a refractive- 
index anisotropy value, it is possible to make the car multiplier called for discover. The liquid 
crystal ingredient may contain dichroism coloring matter and a photochromic compound. 
[0020] 

The macromolecule which is another component which constitutes the composite material of 
this invention is explained below. Although especially the macromolecule that constitutes the 
composite material of this invention is not limited, it can also use oligomer besides the monomer 
which consists of a low molecular weight compound, or a macro monomer as a raw material of a 
macromolecule, and uses it with the raw material monomer of a macromolecule in this invention 
in the semantics which includes these. Moreover, what has the three-dimensions structure of 
cross linkage by using the polyfunctional monomer which has two or more polymerization nature 
functional groups is desirable. In order for making the monomer beyond trifunctional contain 10% 
of the weight or more in a monomer still more preferably to make altitude discover high 
transparency and isotropy, it is desirable. 
[0021] 

moreover, it is about a part of thing which has a meso gene part as a raw material monomer of a 
macromolecule — it is — it is desirable to use all. As a monomer which does not have a meso 
gene part beyond trifunctional, a glycerol propoxy rate (1 PO/OH) thoria chestnut rate, A 



JP-A-2005-336477 



10/23 v 



pentaerythritol propoxy rate thoria chestnut rate, a pentaerythritol thoria chestnut rate, A 
trimethylol propane ethoxy rate thoria chestnut rate, a trimethylol propane propoxy rate thoria 
chestnut rate, Trimethylolpropane triacrylate, JI (trimethylol propane) tetraacrylate, Although 
pentaerythritol tetraacrylate, Jl (pentaerythritol) pentaacrylate, JI (pentaerythritol) hexa acrylate, 
and trimethylolpropanetrimethacrylate can be mentioned, it is not limited to this. 
[0022] 

Although especially the monomer that has a meso gene part is not limited on structure, the 
monomer containing the partial frame expressed with a formula (1) can be mentioned. 
-A1 -Z1 -A2-Z2-A3-Z3-A4- (1) 

the inside of a formula (1),and A1 and A2 — single bond, the benzene ring, and a cyclphexane 
ring — A cyclohexene ring, a dioxane ring, a tetrahydropyran ring, a lactone ring, Rings, such as a 
pyridine ring, a pyrimidine ring, a pyridazine ring, or a thiophene ring, are shown. A3 and A4 The 
benzene ring, a cyclohexane ring, a cyclohexene ring, A dioxane ring, a tetrahydropyran ring, a 
lactone ring, a pyridine ring, a pyrimidine ring, Rings, such as a pyridazine ring or a thiophene ring, 
are shown. The ring in a formula (1) one or more hydrogen atoms Although you may permute by 
functional groups, such as an alkyl group, a halogen atom, a cyano group, a nitro group, and an 
amino group, and Z1, Z2, and Z3 show independently single bond, an alkylene group, -COO- and 
-OCO- Although -CH2- of arbitration may be permuted by -O- -S- .-CH=CH- (transformer), or 
-C**C-, -O- cannot continue but a hydrogen atom may be permuted by the halogen atom. 
[0023] 

As a raw material monomer of a macromolecule which does not have a meso gene part, both an 

aliphatic series monomer and an aromatic series monomer can be used. 

[0024] 

Although especially the macromolecule used for the composite material of this invention is not 
limited, generally it is prepared according to photo-curing and heat curing. Although especially a 
polymerization nature functional group is not limited, and an acrylic radical, an methacrylic 
radical, a glycidyl group, styrene, etc. can be mentioned, in the above, an acrylic radical and an . 
methacrylic radical are desirable from the viewpoint of the rate of polymerization in a production 
process. 
[0025] 

If the liquid crystal ingredient content in a macromolecule / liquid crystal composite material is 
the range which can hold high transparence and isotropy, in order to enlarge a car multiplier, its 
as much as possible high thing is desirable. In the macromolecule / liquid crystal composite 
material of this invention, generally this requirement can be filled with the high liquid crystal 
ingredient content of 30 - 99 % of the weight, and this requirement can be preferably filled 
especially also with the very high liquid crystal ingredient content of 70 - 99%, and further 80 - 
99 % of the weight 65 to 99% of the weight. Practically, liquid crystal ingredient content is made 
into 65 - 95 % of the weight, or 65 - 90 % of the weight. 
[0026] 

Like previous statement, by using the liquid crystal ingredient which has chirality, it makes it 
possible to consider as the ingredient which can be made to discover high transparency and 
isotropy also in high liquid crystal content, and discovers a big car multiplier as a result, and, as 
for this invention, the temperature characteristic of a car multiplier also makes it possible to 
consider as a quiet ingredient further. That is, the macromolecule / liquid crystal composite 
material of this invention can show the car multiplier beyond 1x10-9mv-2, and the car multiplier 
beyond 1x10-1 Omv-2 is shown in an especially desirable mode, and the field whose ratio of the 
car multiplier in 10 degrees C (for example, 25 degrees C and 35 degrees C) of temperature 
gradients is 1.5 or less exists. The small temperature dependence that that a car multiplier is 
large means that desired electric double refraction is discovered with low field strength, and the 
ratio of a 10 degrees C [ of temperature gradients ] car multiplier is 1.5 or less has the 
temperature dependence of an electric-double-refraction value synonymous with being stable 
over a small large temperature requirement, and is significant on a design of a light corpuscle 
child. [ of the temperature dependence ] 
[0027] 
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With light or heat, the macromolecule / liquid crystal composite material of this invention can 
carry out the polymerization of what mixed the monomer with the liquid crystal ingredient, and 
can manufacture it. In this case, a photopolymerization initiator and a thermal polymerization 
initiator can be used. As a photopolymerization initiator, an optical radical polymerization initiator 
or an optical cationic initiator is desirable, and a heat radical polymerization initiator is desirable 
as a thermal polymerization initiator. 
[0028] 

The examples of an optical radical polymerization initiator are 184, 369, 500, 651, 784, 819, 907, 
1 300, 1 700, 1 800, 1 850, 2959 (all are trade names), etc. from 1 1 73 and 4265 (all are trade 
names), and the IRGACURE series from the DAROKYUA series of Tiba Speciality. 
[0029] 

The examples of the desirable initiator of the radical polymerization by heat are a benzoyl 
peroxide, diisopropyl peroxi dicarbonate, t-butylperoxy2-ethylhexanoate, t-butylperoxy 
perpivalate, t-BUCHIRUPA oxydi iso butyrate, lauroyl peroxide, 2, 2-azobisiso butanoic acid 
dimethyl (MAIB), JI t-butyl peroxide (DTBPO), azobisisobutyronitril (azobisuisobutironitoriru), 
azobis cyclohexane carbonitrile (ACN), etc. 
[0030] 

As an optical cationic initiator, a diaryl iodonium salt (it omits Following DAS), a triarylsulfonium 
salt (it omits Following TAS), etc. are raised. As DAS. diphenyliodonium tetrafluoroborate, 
Diphenyliodonium hexafluorophosphonate, diphenyliodonium hexafluoroarsenate, 
Diphenyliodonium trifluoromethane sulfonate, diphenyliodonium trifluoroacetate, 
Diphenyliodonium-p-toluene sulfonate, diphenyliodonium tetrapod (pentafluorophenyl) borate, 4- 
methoxypheny phenyliodonium tetrafluoroborate, 4-methoxypheny phenyliodonium 
hexafluorophosphonate, 4-methoxypheny phenyliodonium hexafluoroarsenate, A 4-methoxypheny 
phenyliodonium trifluoromethane sulfonate, 4-methoxyphenyl-phenyliodonium-trifluoroacetate, 
and 4-methoxypheny phenyliodonium-p-toluene sulfonate etc. is mentioned. 
[0031] 

In DAS, it can also high-sensitivity-ize by adding photosensitizers, such as a thioxan ton, 
phenothiazin, a chloro thioxan ton, xanthone, an anthracene, a diphenyl anthracene, and rubrene. 
[0032] 

As TAS, triphenylsulfonium tetrafluoroborate, Triphenylsulfonium hexafluorophosphonate, 
triphenylsulfonium hexafluoroarsenate, A triphenylsulfonium trifluoromethane sulfonate, 
triphenylsulfonium trifluoroacetate, Triphenylsulfonium-p-toluene sulfonate, triphenylsulfonium 
tetrapod (pentafluorophenyl) borate, 4-methoxypheny diphenyl sulfonium tetrafluoroborate, 4- 
methoxypheny diphenyl sulfonium hexafluorophosphonate, 4-methoxypheny diphenyl sulfonium 
hexafluoroarsenate, 4-methoxyphenyl diphenyl sulfonium trifluoromethane sulfonate, 4- 
methoxyphenyl diphenyl sulfonium trifluoroacetate, 4-methoxypheny diphenyl sulfonium-p- 
toluene sulfonate, etc. are mentioned. 
[0033] 

The example of the concrete trade name of an optical cationic initiator is the product of 
IRGACURE 250 (trade name) and GE SHIRIKONZU to UV-9380C (trade name) etc. from from 
among the products of UCC from the product of the product of ADEKAOPUTOMA SP-150, SP- 
152, SP-170. SP-172 (respectively trade name), and low DIA to Photoinitiator 2074 (trade 
name), and a tiba speciality from the product of SAIRAKYUA UVI-6990, SAIRAKYUA UVI-6974, 
SAIRAKYUA UVI-6992 (respectively trade name), and Asahi Electrification. 
[0034] 

As for polymerization temperature, it is desirable that a macromolecule / liquid crystal composite 
material is the temperature which shows high transparency and isotropy. It is desirable to 
consider as the temperature which is the temperature to which the mixture of a monomer and a 
liquid crystal ingredient discovers an isotropic phase or a blue phase more preferably, and ends a 
polymerization in the isotropic condition optically [ a macromolecule / liquid crystal composite 
material are not substantially scattered about in the light of the wavelength beyond an isotropic 
phase or a visible ray, and ]. Moreover, it is desirable to end a polymerization at the temperature 
which temperature may be changed during a polymerization, starts a polymerization at the 
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temperature to which the mixture of a monomer and a liquid crystal ingredient discovers an 
isotropic phase or a blue phase in this case, and shows an isotropic condition optically [ a 
macromolecule / liquid crystal composite material are not substantially scattered about in the 
light of the wavelength beyond an isotropic phase or a visible ray and ]. 
[0035] 

As for the macromolecule / liquid crystal composite material of this invention, the square of 
impression field strength and electric-double-refraction value deltanE serve as proportionality. 
When an electric-double-refraction value impresses electric field to an isotropic medium, it is a 
birefringence value by which induction is carried out here. In this case, when you originate in an 
electric-double-refraction value at the chemical structure of a liquid crystal ingredient and there 
is threshold value, suppose that it does not require that an electric-double-refraction value is 
proportional to the square of impression field strength strictly in all impression field strength. 
[0036] 

The giant molecule / liquid crystal composite material of this invention can be used as various 
kinds of light corpuscle children who do so functions based on the features-electro-optical 
effect on **, such as light modulation and optical switching. That is, the light corpuscle child who 
consists of the macromolecule / liquid crystal composite material of this invention can use in 
large fields, such as a display, an optical printer, the optical exchange, optical operation 
equipment, and an optical memory unit. Although.it devises suitably, and is constituted according 
to each application and it is not limited especially, when each of these equipments illustrate 
some of desirable modes, they are as follows. 
[0037] 

As light modulation or a fundamental component for optical switching, the macromolecule / liquid 
crystal composite material of this invention can be used as a modulated light layer, and the thing 
which makes it come to pinch this with a substrate with an electrode, or the thing made to come 
to **** with the substrate which has the Kushigata electrode, and the substrate which does not 
have an electrode can be mentioned. This modulated light component can be made into a light 
corpuscle child by induction of the birefringence being carried out by electric field, and combining 
with a polarizing plate. In a display, it is the liquid crystal shutter arranged in order of the liquid 
crystal shutter arranged in order of a polarizing plate, a transparent electrode, the orientation 
film, a modulated light layer, the orientation film, the transparent electrode, and the polarizing 
plate or the polarizing plate, the modulated light layer, the Kushigata electrode, and the polarizing 
plate, and it considers as the modulated light layer which passes or intercepts light by electric- 
field impression, the giant molecule / liquid crystal composite material of this invention are used, 
and a display is constituted together with a color filter and a back light. Moreover, when using for 
a display, combination with various kinds of optical films, such as various kinds of phase contrast 
plate films, angle-of-visibility compensation films, etc., is effective. Moreover, combination with 
TFT (thin film transistor) is also possible as a circuit means of electric-field impression. The light 
corpuscle child who consists of the composite material of this invention also in an optical printer 
functions as a liquid crystal shutter, combines with a light source unit, and constitutes a printer 
head. In the optical exchange, the giant molecule / liquid crystal composite material of this 
invention are used as a liquid crystal hologram component which controls the travelling direction 
of light, sequential arrangement of optical system, a liquid crystal hologram component, and the 
optical device array is carried out, and it functions as components for changing the optical 
connection between functional devices. The macromolecule / liquid crystal composite material of 
this invention are used by the transparency control layer of an ingredient which has the 
translucency from which the amount of transmitted lights and the transparency direction of 
incident light change in optical operation equipment. This transparency control layer can be 
demarcated, two or more unit constructs can be constituted with an address electrode, the 
reinforcement of electric field can be changed to each unit construct, the amount of transmitted 
lights and the transparency direction can be controlled, and it can calculate using the distribution 
and the transparency direction of the amount of transmitted lights which each unit construct 
has. In an optical memory unit, the macromolecule / liquid crystal composite material of this 
invention are used as a light corpuscle child who generates wave aberration symmetrical with 
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rotation, and an optical pickup is constituted with laser, a lily mate lens, and an objective lens. 
[0038] 

This invention is not limited by these examples although an example explains to this invention 
pan concretely below. In addition, in the following examples, in an isotropic phase and N, a 
nematic phase and BP express a blue phase and Ch expresses [ I ] a cholesteric phase. An I-N 
phase transition point may be said to below as an I-N point. An 1-Ch phase transition point may 
be called I-Ch point. An I-BP phase transition point may be called I-BP point. 
[0039] 

In this invention, correlation length's measurement was performed by the following approaches. 
Measurement of other physical-properties values followed JEOL machine British Standard 
(Standard of Electronic Industries Association of Japan), the approach indicated by EIAJ-ED- 
2521 A, or the approach which embellished this. 
[0040] 

Correlation length (xi): The eel used for measurement injected the monomer of this invention, 
and the mixture of an optical activity liquid crystal ingredient into the eel (eel thickness: 12.6- 
12.9 micrometers) which consists of two glass with an ITO electrode, and obtained them by 
irradiating ultraviolet rays. The dispersion profile of this eel was measured with high polymer film 
dynamics analysis equipment (Otsuka Electron and DYNA-3000 mold). The light source used for 
measurement is helium-Ne laser (633nm). A dispersion profile is obtained as change of the 
dispersion reinforcement I which makes scattering vector q a variable. From the obtained 
dispersion profile, it asked for correlation length (xi) by the formula of following Debye-Bueche. 
I(q) =1 (0)/(1+xi2q2)2 
[0041] 

Phase-transition point (I-BP point [ an I-N point, an I-Ch point, and ];**): The sample was put 
on the hot plate of melting point apparatus equipped with the polarization microscope, and after 
carrying out a temperature up to the temperature from which a sample becomes an isotropic 
phase first, it cooled the rate for 1-degree-C/. Temperature when a part of sample changes 
from an isotropic liquid to a nematic phase, a cholesteric phase, or a blue phase was measured. 
[0042] 

Minimum temperature of a nematic phase (TC;**): After paying the sample which has a nematic 
phase to the carboy and keeping it for ten days in a freezer (0 degree C, -10 degrees C, -20 
degrees C, -30 degrees C, and -40 degrees C), the liquid crystal phase was observed. For 
example, when a sample was still a nematic phase at -20 degrees C and changed to a crystal or 
a smectic phase at -30 degrees C, it was indicated as TC<=-20 degree C. The minimum 
temperature of a nematic phase may be abbreviated to "minimum temperature/' 
[0043] 

Viscosity (eta; 20 degrees C measurement; mPa-s): E mold viscometer was used for 

measurement of viscosity. 

[0044] 

Optical anisotropy (refractive-index anisotropy; it measures at deltan;25 degree C): The Abbe 
refractometer which attached the polarizing plate in the eyepiece performed measurement using 
light with a wavelength of 589nm. After carrying out rubbing of the front face of the main prism 
to an one direction, the sample was dropped at the main prism. Refractive-index n|| was 
measured when the direction of polarization was parallel to the direction of rubbing. Refractive- 
index n** was measured when the direction of polarization was perpendicular to the direction of 
rubbing. It calculated from the formula of deltan=n||-n****. 
[0045] 

Dielectric constant anisotropy (it measures at deltaepsilon;25 degree C) 

1) The liquid crystal ingredient whose dielectric constant anisotropy is forward : the sample was 
paid to TN eel whose twist angle spacing (gap) of two glass substrates is about 9 micrometers, 
and is 80 degrees. The sine wave (10V. 1kHz) was impressed to this eel, and the dielectric 
constant (epsilon||) in the direction of a mayor axis of a liquid crystal molecule was measured 
after 2 seconds. The sine wave (0.5V, 1kHz) was impressed to this eel, and the dielectric 
constant (epsilon**) in the direction of a minor axis of a liquid crystal molecule was measured 



JP-A-2005-336477 



14/23 ^— V 



after 2 seconds. The value of a dielectric constant anisotropy was calculated from the formula of 

delta epsilon=epsilon ||-epsilon****. 

[0046] 

2) The liquid crystal ingredient whose dielectric constant anisotropy is negative : spacing (gap) of 
two glass substrates paid the sample to the liquid crystal cell processed to about 9 micrometers 
and a homeotropic orientation, impressed the sine wave (0.5V, 1kHz), and measured the 
dielectric constant of 2 seconds after (epsilon||). Spacing (gap) of two more glass substrates paid 
the sample to the liquid crystal cell processed to about 9 micrometers and homogeneous 
orientation, impressed the sine wave (0.5V, 1kHz), and measured the dielectric constant of 2 
seconds after (epsilon**). The value of a dielectric constant anisotropy was calculated from the 
formula of delta epsilon=epsilon ||-epsilon****. 
[0047] 

Threshold electrical potential difference (it is measurement;V at Vth;25 degree C): The LCD5100 
mold luminance meter by Otsuka electronic incorporated company was used for measurement. 
The light source is a halogen lamp/Spacing (eel gap) of two glass substrates is 5.0 micrometers, 
and the sample was paid to TN component in the no MARI White mode (normally white mode) in 
which a twist angle is 80 degrees. The electrical potential difference impressed to this TN 
component made it increase 0.02v at a time from 0V to 10V by gradually. In this case, light was 
irradiated perpendicularly at the component and the quantity of light which penetrated the 
component was measured. The electrical-potential-difference-permeability curve whose time of 
this quantity of light becoming max is 1 00% of permeability and whose time of this quantity of 
light being min is 0% of permeability was created. A threshold electrical potential difference is an 
electrical potential difference when permeability becomes 90%. 
[0048] 

Electrical-potential-difference retention (it is measurements at VHR;25 degree C): TN 
component used for measurement has the polyimide orientation film, and a eel gap is 6 
micrometers. After this component paid the sample, it was sealed with the adhesives which carry 
out a polymerization by ultraviolet rays. The pulse voltage (it is 60 microseconds at 5V) was 
impressed to this TN component, and it was charged. The electrical potential difference to 
decrease was measured for 16.7 m seconds with the high-speed voltmeter, and it asked for the 
area between an electrical-potential-difference curve and an axis of abscissa in the unit period. 
It asked for area similarly from the wave of the electrical potential difference measured after 
removing TN component. Electrical-potential-difference retention was computed by having 
compared the value of two area. 
[0049] 

Pitch (P; 25 degrees C measurement; nm): Pitch length measured using selective reflection (page 
1 96 of a liquid crystal handbook (the 2000 issue, Maruzen).). Relational-expression < n>p/lambda 
=1 is materialized on the selective reflection wavelength lambda. <n> expresses an average 
refractive index and is given by the degree type here. <n>= {(n||2+n**2) /2) 1/2. Selective 
reflection wavelength was measured with the microspectrophotometer (JEOL Co., Ltd., trade 
name MSV-350). the obtained reflected wave length — an average refractive index — **** — it 
asked for the pitch by things. 
[0050] 

In the field where optically active compound concentration is low, since the pitch of the 
cholesteric liquid crystal which has reflected wave length from the light to a long wavelength 
field was proportional to the inverse number of the concentration of an optically active 
compound, it measured several pitch length of liquid crystal which has selective reflection 
wavelength to a light field, and asked for it with the linear extrapolation method. 
[Example 1] 
[0051] 

The liquid crystal constituent A1 which mixed [ the liquid crystal constituent J (I-N point = 97 
degrees C, deltaepsilon=5.7, deltan=0.142) (the chemical structure type and presentation are 
shown in drawine 8 ) ] chiral compound ZU-4572 (registry number: 154102-21-3, product made 
from Merck) for the 4-pentyl-4 -cyano biphenyl (5CB) 11.5% of the weight 38.5% of the weight 
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50% of the weight as a liquid crystal ingredient was prepared. The phase transition point of the 
liquid crystal constituent A1 was I-53.2-BPII-52.5-BPI-51.7-Ch(degree-C). Moreover, the 
selective reflection wavelength in 25 degrees C of a liquid crystal constituent was 351 nm, and 
the average refractive index was 1 .6. Therefore, pitch length was 220nm. 
Preparation of the mixture of a monomer and a liquid crystal ingredient 
1 which is the Afunctional monomer which has a meso gene for the trimethylolpropane 
triacrylate which is acrylate which does not have a meso gene for the liquid crystal constituent 
A1 by Afunctional 87.1% of the weight as a liquid crystal ingredient and mixture of a monomer 
5.38% of the weight and the liquid crystal constituent A2 which mixed the 2 and 2'-dimethoxy 
phenyl acetophenone for 4-JI (4-(6-(acryloyloxy) h^xyloxy) benzoyloxy)-2-methylbenzene 0.41% 
of the weight as a photopolymerization initiator 7.12% of the weight were prepared. The I-BP 
point of A2 was 40.8 degrees C. 

Preparation of a macromolecule / liquid crystal composite material 

It ****(ed) between the glass substrates with an ITO electrode with which orientation 

processing of the liquid crystal constituent A2 is not performed (inter-electrode distance of 12.9 

micrometers), and the obtained eel was heated to the 42.8-degree C isotropic phase. In this 

condition, ultraviolet radiation (ultraviolet radiation on-the-strength 1.5mWcm-2 (365nm)) was 

irradiated for 20 minutes. The macromolecule / liquid crystal composite-material A3 from which 

after exposure termination was obtained discovered high transparency and isotropy. This 

condition was maintained below at the room temperature. 

[Example 2] 

[0052] 

Preparation of the mixture of a monomer and a liquid crystal ingredient 

Liquid crystal constituent B-2 which mixes 1, 2, and 4-Tori (4 -(6-acryloyloxy hexyloxy)- phenyl 
carbonyloxy) benzene which is Afunctional acrylate which has a meso gene radical for the liquid 
crystal constituent A1 87.0% of the weight as a liquid crystal ingredient and mixture of a 
monomer 0.3% of the weight as 1 2.7 % of the weight and a photopolymerization initiator, and 
consists a 2 and 2 f -dimethoxy phenyl acetophenone of mixture of a monomer and a liquid crystal 
ingredient was prepared. The I-BP point of B-2 was 51 degrees C. 
Preparation of a macromolecule / liquid crystal composite material 
It ****(ed) between the glass substrates with an ITO electrode with which orientation 
processing of liquid crystal constituent B-2 is not performed (inter-electrode distance of 13 
microns), and the obtained eel was heated to the 55.0-degree C isotropic phase. In this 
condition, ultraviolet radiation (ultraviolet radiation on-the-strength 1 .5mWcm-2 (365nm)) was 
irradiated for 20 minutes. The obtained macromolecule / liquid crystal composite material B3 
discovered high transparency and isotropy, even if it cooled to the temperature below a room 
temperature. 
[0053] 

[The example 1 of a comparison] 

Preparation of the mixture of a monomer and a liquid crystal ingredient 

4-(4-pentyl cyclohexyl) benzoic acid which is [ constituent / A1 / liquid crystal ] 38.5 % of the 
weight and racemic modification of ZU-4572 about 50 % of the weight and 5CB in the liquid 
crystal constituent J in an example 2 The 1 -phenyl -1, 2-ethane diyl Except having considered 
as the liquid crystal constituent C1 which mixed ester 11.5% of the weight, the liquid crystal 
constituent C2 which consists of mixture of a monomer and a liquid crystal ingredient according 
to the approach of an example 2 was prepared. The I-N point of the liquid crystal constituent C2 
was 51 degrees C. 

Preparation of a macromolecule / liquid crystal composite material 

According to the approach of an example 2, a macromolecule / liquid crystal composite material 
(C3a, C3b. C3c) was prepared except having changed liquid crystal constituent B-2 to C2, and 
having performed the ultraviolet radiation exposure at different temperature of 52 degrees C, 55 
degrees C, and 80 degrees C. Phase transition of all of such composite material was clearly 
carried out at 52 degrees C to the bottom of cooling from an isotropic phase, and they became 
scatterer. It became impossible that is. to hold transparency and isotropy. 
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[0054] 

[The example 2 of a comparison] 

Preparation of the mixture of a monomer and a liquid crystal ingredient 

The liquid crystal constituent D2 which consists of mixture of a monomer and a liquid crystal 
ingredient according to the approach of the example 1 of a comparison was prepared except 
having made the liquid crystal constituent C1 into the 4-heptyl-4'-cyano biphenyl (7CB) in the 
example 1 of a comparison. The I-N point of the liquid crystal constituent D2 was 41 degrees C. 
Preparation of a macromolecule / liquid crystal composite material 

According to the approach of an example 2, a macromolecule / liquid crystal composite material 
D3 was prepared except having changed liquid crystal constituent B-2 to D2, and having 
performed the ultraviolet radiation exposure at 43 degrees C. Phase transition of this composite 
material was clearly carried out at 42 degrees C to the bottom of cooling from an isotropic 
phase, and it became scattered It became impossible that is, to hold transparency and isotropy. 
[Example 3] 
[0055] 

It has arranged to the optical system which shows the eel by which the macromolecule / liquid 
crystal composite-material A3 obtained in the example 1 were ****(ed) to drawing .1 . deltanE 
was computed from the transmitted light reinforcement at the time of impressing sinusoidal wave 
alternative current electric field (frequency of 1kHz) to a cel. It asked for calculation of deltanE 
by multiplying observed-value deltan (45 degrees) measured by the system whose incident angle 
of the laser to the electricHleld impression direction of drawing 1 is 45 degrees by the 
correction factor. The correction factor created separately the system from which the incident 
angle of laser becomes 90 degrees to the electric-field impression direction, and computed it 
from the ratio of the value acquired by this 90-degree incidence system, and the value of deltan 
(45 degrees). The correction factor was 2.7. 

From the inclination of a plot of deltanE to the square of field strength, the Kerr constant which 
a macromolecule / liquid crystal composite-material A3 shows was computed Temperature and 
the relation of a Kerr constant were shown in drawing 2 . From drawing 2 , the macromolecule / 
liquid crystal composite-material A3 obtained in the example 1 discover the car multiplier 
exceeding 1.9x10-9mV-2, and (25-degree C Kerr constant) is /(35-degree C Kerr constant) 
=1.05, and was understood that temperature dependence is small. 
[Example 4] 
[0056] 

(Relation between a pitch and dispersion reinforcement) 
Preparation of a liquid crystal constituent 

By mixing a 4-pentyl-4-cyano biphenyl (5CB) for the liquid crystal constituent J 43.5% of the 
weight 56.5% of the weight, the liquid crystal constituent E1 was prepared, chiral compound ZU- 
4572 were added with various molar fractions to this, and liquid crystal constituent E1 a-E1h 
from which a pitch differs was prepared. The presentation of liquid crystal constituent E1 a-E1h, 
the phase transition point, and the pitch in 25 degrees C were shown in Table 1. However, E1h is 
the same presentation as the liquid crystal constituent A1. 
[0057] 
[Table 1] 
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[0058] 

Preparation of the mixture of a monomer and a liquid crystal ingredient 

Except replacing the liquid crystal constituent A1 with liquid crystal constituent E1 a-E1h, liquid 
crystal constituent E2 a-E2h which is the mixture of a monomer and a liquid crystal ingredient 
was prepared according to the approach of an example 1. 
Preparation of a macromolecule / liquid crystal composite material 

According to the approach of an example 2, a macromolecule / liquid crystal composite-material 
E3 a-E3h was prepared except having performed the ultraviolet radiation exposure at 2.5- 
degree-C elevated temperature from the I-N point of liquid crystal constituent E1 a-E1h f the I- 
Ch point and the H3P point. 
Measurement of light-scattering reinforcement 

The dispersion profile of a macromolecule / liquid crystal composite-material E3 a-E3h was 
measured using high polymer film dynamics analysis equipment DYNA-3000 (a trade name / 
Otsuka Electron). The light source performed measurement temperature at 10-degree-C low 
temperature using helium-Ne laser (633nm) from the I-N point of liquid crystal constituent E1 a- 
E1h of having used for a macromolecule / liquid crystal composite-material E3 a~E3h, the I-Ch 
point, and the I-BP point. The result was shown in drawing 3 . Drawing 3 (a) and (b) are Vv 
dispersion profile and Hv dispersion profile, respectively, and are obtained as change of the 
dispersion reinforcement I by making scattering vector q into a variable. Remarkable dispersion 
strength reduction was checked in the composite material (E3b, E3c, and E3d) using the liquid 
crystal ingredient with which all have chirality. Furthermore, it was checked from the composite 
material using the liquid crystal ingredient which the composite material (E3e, E3f, E3h, and E3g) 
using the liquid crystal ingredient which discovers a blue phase as a liquid crystal ingredient does 
not discover a blue phase, and discovers a chiral nematic phase that dispersion reinforcement 
decreases further. The composite material using the liquid crystal ingredient which the 
transparency of composite material and isotropy improve remarkably and discovers a blue phase 
further by introducing chirality into a liquid crystal ingredient from this result was understood 
that transparency and isotropy are more good. 
[Example 5] 
[0059] 

(Permeability and extinction ratio) 

Preparation of a macromolecule / liquid crystal composite material 

According to the approach of an example 2, a macromolecule / liquid crystal composite-material 
E4a, and E4h were prepared except having performed the ultraviolet radiation exposure at 2- 
degree-C elevated temperature from mixture E2a of a monomer and a liquid crystal ingredient 
and the E2h I-N point, and the I-BP point. 
Permeability and an extinction ratio 
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Drawing 4 is drawing which plotted E4a, E4h permeability, and an extinction ratio to the 
temperature standardized at the I-N point and I-BP point of a liquid crystal ingredient. 
E4a prepared from E1a which consists of nematic liquid crystal ingredients is understood that 
permeability decreases rapidly near the I-N point of E1a, and the extinction ratio is increasing. 
That is, it turns out that transparency decreased greatly near the phase transition point of E1a, 
and isotropy was also lost. An E1 h I-BP point shows that the big change to permeability and an 
extinction ratio is not seen at a low temperature side E4h prepared on the other hand from liquid 
crystal ingredient E1h which has chirality. That is, as for an E1h phase transition point, about 30- 
degree-C low temperature side also shows that transparency and isotropy are maintained. 
[Example 6] 
[0060] 

It ****(ed) between the tandem-type electrode substrate with which orientation processing of 
the liquid crystal constituent A2 of an example 1 is not performed, and the opposite glass 
substrate (non-electrode grant), and the obtained eel was heated to the 42.8-degree C isotropic 
phase. Spacing of a substrate is 1 3 micrometers. In this condition, ultraviolet radiation 
(ultraviolet radiation on-the-strength 1.5mWcm-2 (365nm)) was irradiated for 20 minutes. The 
liquid crystal cell F3 using the obtained macromolecule / liquid crystal composite material 
discovered high transparency and isotropy. Moreover, this condition was maintained below at the 
room temperature. The electrode of a tandem-type electrode substrate is a dimension shown in 
drawing 5 , and used vapor-deposited aluminum film for the electrode. 

It set to the optical system which showed the macromolecule / liquid crystal composite-material 
liquid crystal cell F3 obtained here to drawing 6 , and the electro-optics property was measured. 
The set to optical system was set so that unlike the optical system of drawing 1 it might be 
made for whenever [ to the eel of laser light / incident angle ] to become perpendicular to a eel 
side and the direction of a line of a tandem-type electrode might become 45 degrees to 
Polarizer and an Analyzer polarizing plate, respectively. It turned out that the contrast ratio 
(transmitted light quantitative ratio at the time of electric-field impression and un-impressing) 
when impressing a 1kHz alternating current sine wave becomes like drawing 7 t and ON/OFF of 
the transmitted light can be performed by electric-field impression. In addition, measurement 
temperature is 25 degrees C of a room temperature. 
[Example 7] 
[0061] 

Liquid crystal constituent B-2 of an example 2 was ****(ed) like the example 6 between the 
tandem-type electrode substrate and the opposite glass substrate (non-electrode grant), and 
the obtained eel was heated to the 55.0-degree C isotropic phase. Spacing of a substrate is 12 
micrometers. In this condition, ultraviolet radiation (ultraviolet radiation on-the-strength 
1 .5mWcm-2 (365nm)) was irradiated for 20 minutes. The obtained macromolecule / liquid crystal 
composite-material G3 discovered high transparency and isotropy. This condition was maintained 
below at the room temperature. When two polarizing plates which made the polarization direction 
intersect perpendicularly pinched this liquid crystal cell and the alternating current electric field 
of 50V were impressed, it was off and it turned out are [ of electric field ] ON / that two 
conditions of ** and dark are realizable. An impression alternating current is a 1kHz alternating 
current sine wave. It checked that two conditions appeared in the place which installed the liquid 
crystal cell in the thermostat, changed temperature among 10-50 degrees C, and tried electric- 
field ON / OFF similarly, and this temperature requirement. 
[Example 8] 
[0062] 

A macromolecule / liquid crystal composite material H3 was obtained like the example 1 except 
having made ultraviolet radiation exposure temperature into 55.0 degrees C. This composite 
material H3 discovered high transparency and isotropy also in the temperature below a room 
temperature. When the car multiplier was measured for this thing like the example 3, the car 
multiplier [ in / in the car multiplier in 35 degrees C / 2.3x10 to 9 mV - 2 or 25 degrees C ] was 
2.2x1 0-9mV-2. It is (a 35-degree C Kerr constant) / (25-degree C Kerr constant) =1.05, and it 
turned out that temperature dependence is small. 
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[Example 9] 
[0063] 

1 which is the bifunctional monomer which has a meso gene for the trimethylolpropane 
triacrylate which is acrylate which does not have a meso gene for the liquid crystal constituent 
A1 by Afunctional 84.48% of the weight as a liquid crystal ingredient and mixture of a monomer 
6.49% of the weight, and the liquid crystal constituent 12 which mixed the 2 and 2-dimethoxy 
phenyl acetophenone for 4-JI (4-(6-(acryloyloxy) hexyloxy) benzoyloxy)-2-methylbenzene 0.46% 
of the weight as a photopolymerization initiator 8.57% of the weight were prepared. The I-BP 
point of the liquid crystal constituent 12 was 38.6 degrees C. A macromolecule / liquid crystal 
composite material 13 was prepared like the example 1 except having changed to the liquid 
crystal constituent A2, and having used the liquid crystal constituent 12. This composite material 
13 discovered high transparency and isotropy also in the temperature below a room temperature. 
When the car multiplier was measured for this thing like the example 3, the car multiplier [ in / in 
the car multiplier in 35 degrees C / 1.65x10 to 9 mV - 2 or 25 degrees C ] was 1.64x10-9mV-2. 
It is (a 35-degree C Kerr constant) / (25-degree C Kerr constant) =1.01. and it turned out that 
temperature dependence is small. 
[Example 10] 
[0064] 

The liquid crystal constituent J2 which mixed 1 and 4-JI (4-(6-(acryloyloxy) hexyloxy) 
benzoyloxy)-2-methylbenzene for trimethylolpropane triacrylate 8.61% of the weight 79.38% of 
the weight as a liquid crystal ingredient and mixture of a monomer, and mixed the 2 and 2- 
dimethoxy phenyl acetophenone for the liquid crystal constituent A1 0.63% of the weight as a 
photopolymerization initiator 1 1 .38% of the weight was prepared. The I-Ch point of the liquid 
crystal constituent J2 was 34.6 degrees C. A macromolecule / liquid crystal composite material 
J3 was prepared like the example 1 except having changed to the liquid crystal constituent A2, 
and having used the liquid crystal constituent J2. This composite material J3 discovered high 
transparency and isotropy also in the temperature below a room temperature. When the car 
multiplier was measured for this thing like the example 3, the car multiplier [ in / in the car 
multiplier in 35 degrees C / 1 .1x10 to 9 mV - 2 or 25 degrees C ] was 1.1x10-9mV-2. It is (a 35- 
degree C Kerr constant) / (25-degree C Kerr constant) =1, and it turned out that temperature 
dependence is small. 
[Example 11] 
[0065] 

The liquid crystal constituent K2 which mixed 1 and 4-JI (4-(6-(acryloyloxy) hexyloxy) 
benzoyloxy)-2-methylbenzene for trimethylolpropane triacrylate 1 2.93% of the weight 69.03% of 
the weight as a liquid crystal ingredient and mixture of a monomer, and mixed the 2 and 2'- 
dimethoxy phenyl acetophenone for the liquid crystal constituent A1 0.96% of the weight as a 
photopolymerization initiator 1 7.08% of the weight was prepared. The I-Ch point of the liquid 
crystal constituent K2 was 26.4 degrees C. A macromolecule / liquid crystal composite material 
K3 was prepared like the example 1 except having changed to the liquid crystal constituent A2, 
and having used the liquid crystal constituent K2. This composite material K3 discovered high 
transparency and isotropy also in the temperature below a room temperature. When the car 
multiplier was measured for this thing like the example 3, the car multiplier [ in / in the car 
multiplier in 35 degrees C / 2.98x10 to 10 mV - 2 or 25 degrees C ] was 2.92x1 0-1 OmV-2. It is 
(a 35-degree C Kerr constant) / (25-degree C Kerr constant) =1.02, and it turned out that 
temperature dependence is small. 
[Availability on industry] 
[0066] 

The macromolecule / liquid crystal composite material of this invention are isotropy in high 

transparency, and can be used in many fields on industry as a great light corpuscle child who 

shows a big car multiplier over a large temperature requirement so that clearly from the above 

detailed explanation. 

[Brief Description of the Drawings] 

[0067] 
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fDrawing 1] The optical system used in order to measure the Kerr effect is shown. 

rDrawing 2] The relation of the car multiplier (K) and temperature which were measured about 

one example of a macromolecule / liquid crystal composite material is shown. 

fDrawing 3] The dispersion profile measured about a macromolecule / liquid crystal composite 

material is shown. 

fDrawing 4] The temperature change of the permeability measured about a macromolecule / 
liquid crystal composite material and an extinction ratio is shown. 
fDrawing 5] The ctenidium electrode pattern of a ctenidium electrode eel is shown. 
fDrawing 6] The optical system used in order to measure the Kerr effect of a ctenidium 
electrode eel is shown. 

fDrawing 7] The contrast of a ctenidium electrode eel and the relation of field strength are 
shown. 

fDrawing 8] The chemical structure type of the liquid crystal constituent J used with the real 
example and a presentation are shown. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Brief Description of the Drawings] 
[0067] 

[Drawing 1] The optical system used in order to measure the Kerr effect is shown. 

[Drawing 2] The relation of the car multiplier (K) and temperature which were measured about 

one example of a macromolecule / liquid crystal composite material is shown. 

fDrawing 3] The dispersion profile measured about a macromolecule / liquid crystal composite 

material is shown. 

[Drawing 4] The temperature change of the permeability measured about a macromolecule / 
liquid crystal composite material and an extinction ratio is shown. 
[Drawing 51 The ctenidium electrode pattern of a ctenidium electrode eel is shown. 
[Drawing 6] The optical system used in order to measure the Kerr effect of a ctenidium 
electrode eel is shown. 

[Drawing 7] The contrast of a ctenidium electrode eel and the relation of field strength are 
shown. 

[Drawing 8] The chemical structure type of the liquid crystal constituent J used with the real 
example and a presentation are shown. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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*fi#fl-OR*sWI#1*«[ (Ae) «>*fi*Hfi*:JIB$TM#1*4It (An) tt-£*i***L:*:£v> 

•jf-f -*:T^*»fi#*tfc*#^tt*#***Jflv>*u*N *£ B B B #^;ts££iS <1-&C 

[0 0 2 0] 

•r&bmmt l^o l< it^ttm&.±<o^ y 1 ofi* 

[0 0 2 1 ] 

.^n^->l/-f (IPO/OH) h'J7^'Jl/-f, ^y^xy^y h-jl/. ^djK 



C8) 
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^ h • h y 7 * y K h y * f - n - jV7*n/N-^ • hiJT^Vi'-hs v 7 ( h y ^ 
[0 0 2 2] 

— A 1 — Z 1 —A 2 — Z 2 —A 3 — Z 3 —A* — (1) 

(js (i) a 1 joj^A 2 \u MtiMt^ s<>-z>m, 'stv^* 
±>HL x .is**it>viL* f f?t Kne?>t, 7*h^s^ e'jy>f, kfysv>st 

-C00-, -OCO-^m ftt<0-CH2-li, -o-> - s -> 
-CH = CH- 4> L < fi-C sC--em3feS*tT ! b X^tK -O-li&mx- 

[0 0 2 3] 
[0 0 2 4] 

[0 0 2 5] 

-&K3 0 - 9 9*a%i:V^^»/^ B B B ^Jis!-^^C:<75^#*^7 v c-t- 
#4 L< »±6 5 - 9 9li%, tffcSfi L < 7 0 - 9 9 %. 

±f^ ?ft A*t3H-d-^T sp «r «l »i" 6 5- 9 5 6 5-9 Olf%ttS, 

[0 0 2 6 ] 

0" 9 m v" 2 a±<G * #K:flF4 L^SHflycfc^Ttt. 1 X 1 
0" 1 0 mv" 2 &±?># U *offljRi£l 013 (08*. tf^ 2 5Vt 3 5tJ) 

[0 0 2 7 ] 



(9) 
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[0 0 2 8] 

11 7 3*5^^4 2 6 5 (v»-f *L&ig,££) , W M*a7-5"J 18 4, 36 

9, 5 0 0, 651, 784, 819, 907, 1300, 1700, 1800, 185 
0, 0*2 9 5 9 (^-f *tt>fS n D n iS) , *^T*&o 
[0 0 2 9] 

-:**->v*#->K*- K t - /fiM-^^f^ - 2 -if ;VA^t/' x- h, t-7f 
2, 2 ' -TVfcf*^ VttWLi?* (MA IB) , Vt-^W-**fK (DTB 

p o) , rye^-r vyf-Di b «; ;v (aibn) , .rvtr^->^ n^^-9->*/u#- h 

(ACN) £iTC&;£>o 
[0 0 3 0] 

3fc*f-*>fi#Httaat IT, yrV-^a-K-fAjfi (WTDASiKIt) > 
7'J-J^^*i^AJI (JslTTASt*t) fcf^&lf'btl&o DAStLTtt, v7 

K v7x-;U3 - K — «> A^t7^*D7/H:*- K i>7x-;W3-K- 
^ A h U 7^n^ ? K v7x — ;V3- K~^A h 'J "7 JV* n 7-fer- h 

„ y'7x-iV3- K- «7 A - p - b ;i/x>^^*^- h,i*7i-^3-Ki^Af K5 

77WD)i-'l/- K 4 - F^y7x^*7i-Jl'3 - K—'? A^^r^y 

K 4-^ ft?/7*i*7xsA'H-Ki7AA + t7A'*a7JH:^-h, 4- 
;* h + y7i-il'7i-)l'3- K-7Ah'J 7WO^ ^V^/P**-}*, 4 -p< -> 
7i-;V7i-^3- K-«7 A M; 7;u^-nT-tr-r- K 4 h^y7x-iV7x-JV 

[0 0 3 1 ] 

DASKfi, h ^ 7x/f7'>'V, ^nnf^ + t>hV, ^✓'h^, 

r>h9-fe>, •^7x-;i/7>'h5-tv, /i/rU'>*iro3fc*U83W*«illjnt-*itTSBflR 

[0 0 3 2] 

TAStLTfi, h'j7i-;u^;v*-7if h5 7;i'^n#i/-h > MJ7x~;v* 
fr*=.y j*^**yy )\/*u*7.**- k mj 7x-w;i/*-7aaH7Wd7^ 

■fe*— K h^x-^J^-^Ah^^O^^V^Wt-h, h'j7x-W 
;i/^^<7A f'J ^^^-nr-t-r— K MJ 7x-Ji/^;v*-7 A - p - h )\>x.v?s * 
— K h 'J 7xi )V7>)Vfr — *y A-f h 7 {<*<y 9 7 *>*V7 *■=- )V) sKl^— K 4 - b 
^y7x^)Vy'7x- ^i/*-7Af h 77^n^l/- K 4-^ F + ->7xzjVy 
7x^H;Wt-7 A'S^f^^D*;',**- K 4-* F*->7xiJVy7x^ 
;W*:=.>7 A^*-^7;i/:*0 7;l'-te*- K 4-^ f^y7x-JI/-77x-Jl/^JV*-7A 
h V 7;V^-n^( K 4 h 7 x — )V7s)V7fr-7 A h 'J V 

^D7-tf - h, 4 -> h*y7x-)l/-77x-;^)l/*-7A-p- Ml/X. v * 

[0 0 3 3] 

UVI-6990, t'f7+a7-UVI- 6 9 7 4 , t^f 7#a7-UV 1 - 6 9 9 2 
(-5-^-?*L®n D DiS) , teH<b (#0 ^n a p^t>7f**7*h > 7-SP-15 0> SP~1 
52, SP-170, SP-172 (•e*l-e r *li8S*) , TO*S^fePhotDlni 
tiator 2 0 7 4 (®n D ni&) , f Ur - OMi^'f ^*>^7 - 2 5 0 ( 
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jSo H n£) > GEz/V 3>Xj)W^f,UV- 9 3 8 0 C (®p D ai&) 
[0 0 3 4] 

[0 0 3 5] 

tfc&o ££T**Cttffl*rtefc«u #^1&«(t#cm*Srepiptfe»ic«SjlS«*i2>aJIB«r« 
[0 0 3 6] 

[0 0 3 7] 

£j5sgSte£v>Tf*> «3I6«, jSK®^ P3fc^> M2lRJlgl> SWtSSO'fiSfelR 

bti. *?-y <t *>? yt%-t>^tx 

EK^et LTTFT (M&kh t ©iS*^fct'(> pri^^^o #7 'J > * 

[0 0 3 8] 



Ol) 
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-NjfttfUtWo I -C hfflftf*&* I -C h&hWo Zbtf$>&o I-BPffl 
[ 0 0 3 9] 

B &% : ?-%&$£r.2&M i fe (Standard of Electronic Industries Association of Japan) N 
EIAJ • ED- 2 5 2 1 A KSfilRS 4 rf: CI Lfc:££Kft-=> *:<, 

[ 0 0 4 0] 

2. 6-12. 9 M m) \,z.*§kw<o*j^-titmft&*w.&mm<omi&®*mx\* % 

y*zmffi&W. (*fc) -DYNA- 3 0 0 0D UJ:>9iMiSLfco «8£Kte/8 

LfcftiKfiH e — N e V-*F- (6 3 3 nm) -e&&o ffeSL'/n 7 r <i JWittSL'** r ^ 

^Debye-Buech eOiUcJ: 19 fBH^ (£) S-^i^^o 
I (q) =1 (0) / + f 2 q 2 ) 2 
[0 0 4 1 ] 

fi T P - *B KSSffc L 7b i: § ?)SJ£ SS L „ 
[0 0 4 2] 

^vfy^ffi^Tiias (tc;*c) : ^vf*; ?i®zm-r&&.ft*if i 5x&KxtL> 

0*C> -10"C, - 20*C> - 30*Cx *3 XV s - 4 0*C<7>7 'J— 1 0 BP5«f L 
*2>i:, jftAfflfrflZ&Lfco 2 orTWt*-**-? >7*Bo£ £ -e& i) % - 

^•^^fflOTIfifittSr rTB&iSJKJ t *t i t & « 
[0 0 4 3 ] 

ttJt (7 ; 2 CC-cafl^; mP a • s) :*S£<&iMfefc-ttEfflttJ£tt*fflv*fco 
[0 0 4 4 ] 

(flB«fsp**tt ; A n ; 2 5 'C-CfflOje) : iflflJett. tg5 8 9 nmOjfcCJ: 

[0 0 4 5] 

(A e ; 2 5T3T«9SS) 

1) f?m^^14* s iE-C*)S?S[B^*J-^ : 2&L<DJf7X&tiL<7)fflm (*fv?7) 73 s ^9^/m 
, -yf* hfttfS 0&<7>TH-t)l'K&.&$:\Kt:o i^tiV^t-f ( 1 0 V> lkH 

z) fcflljjDU 2«?ttH«[Afl'^-0*W*ia!I»ii3»t*llt«* (e II) £iM5eLfc 0 CO* 
;WHM (0. 5V. 1kHz) ^rEPiJP L, 2^^^ B B H ^(7)5S#^fp]Hi3ttSif 

(e X) fcffljgbfco ««SPII*140«tt, A e = e II - el, <7>5^ <bftf£ Lfco 
[0 0 4 6] 

, r ne?*EfoK:MLfc«A*/Mi«#r*AiU *>fVjft(o. 5V, lkH 

z) *EpjDU 2^<7)^m^ (e II) *»S£Lfc. S £K 2&L<7)if9XMtiL<Dmf& (*~ 
t^) *%9//m> *^y~T^Kl^K«SILJk?ftA-fe^HKJ|BrS:A*t, *W (0 

. 5v, ikHz) fcepinu 2mk<nmmm u ±) im&Ltz* mwa-%te<om± 

, A e = e II - e ±, <7)5t5&> t> fr* 1 
[0 0 4 7] 

LSHfcWffi (V t h ; 2 5 t: Time; V) : «(J6H»i**m^1*A^tt*OL C D 5 



(12) 
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y tf s 5. 0 ^m-C&*K hfcrt 5 8 0*"C2b* / V -**7>f r-=e- K ( 

normally vtfhite mode) <o T Nl^KKfft Xfl^o iOTN^KePJBT&EJEtt 0 V 

1 0 V*"?*- 0 . 0 2 V"foS*fl9H*BiD$*feo ^PfcM^ft^kft 
fcffiUtU *^-SraaLfe*«*iWfiLfco ClOftfi Kfcofct 1 0 0 

%-e*> »9 > £ «> 364 fcfc %* s ^ii^0%-C*i>mJI-^^fflll^^^t7t: 

[0 0 4 8] 

«m«3*¥ (VHR ; 2 5r-C«iJ5e; %) : iM£K/Bv>fcTN3^f*tf 'MS KEKQ0I 

<£>ffiiai»iLTili«4r*«>*: 0 2 o<oa5»OfltSrJfc«UT«EE«»sp*#mL^o 
[0 0 4 9] 

e«;f (P ; 2 5*C-Ci&iJ5E; nm) : fcT ? ^gtt»*RjR*t*ffiv>TiW£Lrt: 

i96H (2ooo^ftff, *.#) o »RK*raftA kmu i»«s;<n>p/A = l^rtai-r*. - 

t^n^iTJS/B^Sr^b. ^-C^x.€>tL*o <n>=«n II * + nl , )/2} l/! o «4R 
Klt«ftMtB»4fr**«It (B#m^ (») > Sp°b^MS^-350) TtMgLfco ft&itfcK 
imft£¥*&JB#Ti*'<*|fci-ii:fcJ: *) % eyf- 
[0 0 5 0 ] 

«3I6 J: <9 ft ifcft ffi* Rimft * & a V * r V ? * ft A t* ? f - tt , SfcSM&te'ffc 

a^Elt«£ft**i- **fl<oev*-ft«:SfeA»fcU Em*Wi£KJ: <9**?to 
1 ] 

[0 0 5 1 ] 

*a*t«-kLT«[AfflJ*»J (I -N&= 9 7"C, A e = 5. 7,in=0. 14 2) 

(*<Mt&m&ftki&j&*m&K&-r) *5oii%, 4 — ?>^-;i/-4' ->r^7 

(5 CB) * 3 8. 5ft%> *?JHb*ftZ L I - 4 5 7 2 (l^* hU-t> 
: 154102-21-3, Merc kttSL) £11. 5 £ft %iS^Lrt:ifoSI«Jft4fo 
A 1 *W»Lfc. i£ B a B 5£lfi£©A 1 A 14 I - 5 3. 2-BPI 1-52. 5-BP 

i-5i. 7-Ch cc) -e&ofco 4 ^7g B B B ^^o2 5t;n^»t*a^Rfimftfi3 

r>$-^T?^^Ti7 lx- hT$>4 r 'J ff-u-fr-fv;fy Y V 7? V V- \ * 5 . 38 
fia%, ^V^>^ttS-f»^-^Sl, 4-^ (4- (6- 
)\<**Z/) ^*->;l/*4r-» ^> V-f ;U**-» - 2 -^/W^O* 7. 1 2ii% 
, 3fci^H^Jfct"C2, 2* -/^^->7i-^7tf7x;>*0. 4lli%I 
^L«,fliiajMA 2 tlfiLfc. A2<0 I -BP^Ii4 0. S'CT'&ofco 

a 2 $r@Bfp)^a<7)ife?tLTv^^ 1 tosi#^^i«w (m^wsgst 1 

2. 9^m) i:^U#f.tif:t;v^4 2. 8 ro^ffl 4 TiDfcLfco * 
1. 5 mW c m" 2 (365nm))£20 fl-WMIt Lfco BM«*T 

[Hift^J2] 
[0 0 5 2] 

*y v- j:^n B p^-its{-(7)ja^^<7)^§^ 



(13) 
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tSElittT^ 'J U— f- ~C$>2> 1 , 2, 4-MJ (4- (6-7^';n>f^t + $/A# 
vOW**^) ^y-tf>Srl 2. 7lf%, 5fcE£-§i$&£'J t 

LT2, 2' -v^b^->7x-iP7-tf7ir/*0. 3M%iS-£-U ^/v-ijg 
H W«<7)ii^^^^.«>7SB H B M^^B 2*W»Lfc. B 2«5I -BPAli5 l£-C*o*: 

$A£jftfeB 2*Eiaj«kao*«*LTv>3fcv> I TOWIffrrtr?*2fc#M (HAWSES! 1 
(*fl.*5M* 1 . 5mWcm- 2 ( 3 6 5 n m) ) * 2 0 frNJIMf Lfco # fc*Lfc 

°[0 0 5 3] 

**«2K*v»T*JMaj««A 1** ftAftjftttJ £5 0li%, 5CB£38. 5fi 
*%, Z L I - 4 5 7 2 <7)7-fc^#-C&S 4 - (4-^>f ;Vy^n^^f->jV) ^> W 
v9T s s-9Y l-7x-JP-l, 2 >vM ^ X7f;^l 1. 5Bfi%iI"£*L 

&fe£i£A&l£«C 2 SrlWfiUfeo «A»«4&C 2 <?5 I -N&ti5 lttiofco 
ttfr^/'flfcAtt**m<pMtt 

?i![ H B B M%B2*C2i:tx., ^o«n*MWt5 2t;, 8 0 X, t^o 

fiJt-Cff oycW^ii||^J2<7)^^^D-cS^/?SB B B«##^ (C3a, C3b, C 
3 c) *W«Lfc 0 Zfthvm&tfftli-f^xmXttfrhVftWTfc&^X 5 2*C-Cl£fit 

[0 0 5 4] 
[Jtttfli 2 ] 

JtffcW 1 KfcHTiMM&JfctoC 1 4-^7*^)P-4' ->7/lf7x^l/ (7CB 

) t Lfcjsmttx Jtte^io^feniffecT^y ^- 

ttD 2*PRLrt:o %A*&AttD 20 1 -NAli4 imofc, 

MttJftttB 2£D 2 fcjft*., *o*fl.*JIMt* 4 3t5TMTofcJ£Wtt&ttW2<*>#tt 
lw^CT^55-^-/fSB B B^WD 3 £PS£Lfc 0 i 14 **ffi^fefl!)»35ITKl* 
v>T4 2 t3-rgWI»£««»L* WLZLfcttc^tio t4te%«Wttt ft < ' 

[$jft*l 3 ] 
[0 0 5 5 ] 

° <Q%k-?mfcLtzWimm* n (4 5° ) fc»IE«lfc**D*ti:fc J: »]E«lk 

»i, i^-^-«>A*tAanMiWn#fafc**u 9 o° t Kz^tsmfttiLL. :^9o° 

AMTi^fcitAn (45°) <Dfe<D}ti>*b&mLtzo *IIE#&ti 2 . 7 

° wi^ajto— *»c«-r* a n E (Dzfuv y<Dm*frh, ^f/t B B a MA 3^ 

feit*:»fl'^-/«Jlll'fr#«-A3ttl. 9X10- 9 mV" 2 

, (2 5tW*-£t) / (3 5t<?)*-SElit) =1. 05"C*l5, i&Jt'Btff'ltrtVh 

mmm 4 ] 
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[0 0 5 6 

( \Z V f - 1 



4 3.5 
- 4 5 7 
o lfcma 
tzfiLE 
[0 0 5 
[361] 



] 

<7>MML 

J £ 5 6 . 5fiS%> 4 -s<y*)\/- 4 ' -Z/TS tf 7x^ (5 C B) £ 

*«*0**-C*JD U f-yf^WaMEl a~El htlfiU 
El a~E 1 hO*aj0L fflft^A, 2 5 "CKfclt* tf y ^Sr^ 1 Ufco 

ht*«A&jftfeA i tra-oiaja-c**© 

1 









(nm) 




E1a 


ZU-4572 


I-N 


I-Ch 


1-BP 




Ela 
Elb 
E1c 
E1d 
Ele 
E1f 
E1g 
E1h 


100.0 
97.0 
96.0 
95.0 
94.0 
92.9 
90.0 
88.5 


0.0 

3.0 

4.0 

5.0 

6.0 

7.9 

10.0 

11.5 


63.0 


60.4 
59.7 
58.9 


58.2 
56.7 
55.1 
532 


oo 
850 
640 
480 
400 
310 
250 
220 



[0 0 5 8] 



m&m&voA i zm&m&yoE u~ei hK^smnwu *wm wismzmzx 

mW-%imM*m£k®.J&®E l a~E 1 hVI -N£> I-Ch,£U I -BT>&±*) 2. 

5"c*a-c^rofe^mi**« 2 <oiimzmcxMfr*/ ; m&®&mE 3 a~E 3 h£ 

*5^/«At*fr*mE 
^7MifDYNA-3 
H e — N e V-*f- (6 3 

3 h izm^tzm&m.&voE 

r W J: H v 7 r W <9 



a ~E 3 h«>fi:Sl:/n"7 7"f ^fr**?-? 4 ^-5 y 

0 0 osa*/***? m) ) tm^xm&Ltzo 

nm) «rjav>, iWSaffifiS^/^M^WE 3 a~E 
a-Elhol-NjH, I-ChA, I - B P A J: *> 1 0 "C 
(a) feJ:^ (b) H^ft-S'friV vM^D7 

> E 3 c isJtfE 3 d) fc^VJTaFU^tkaaKoW^J&^Beitfco SfcS&fcifcAtf 
iftt LTyjV-iffl^mtS^W^fflv^^ttift (E3e>E3f,E3h,j3«t 

o*E3g) f±, ^A/-ffl*|fea*-l r **o*^ 9;u*vf-y ^fflirftSii-a^AWfl-^ffl^ 



5 ] 

[0 0 5 9 ] 
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*n*J»ltS:*>'^-fc*fi«-»©fi#«E 2a^^E2h^)I — I-BPjS 

mmE 4 a t E 4 h<0»aspfcW*Jfc*fcfl*tfl-«> I-N^iVI -BPMtt 
flSLJfcaftfctt'l/CT'ny h Lfcia-CcbSo 

*»Atm-C«Wt3*i*E 1 a *&P*3iL*:E 4 a liE 1 aO I -NAi£« 
tftiHcaaWil^U *^W36Jt;a***LTv»* -ffc=b*», Ei a^ffl 

-*#•*-*«***«■£ 1 htf»fcWR3*irt:E 4 h fiE 1 ho I -B PjSU ^fififfli:^^ 

innw 6 3 

[0 0 6 0] 

MIH«1 3 //ire**. i«5tfe«"C, (Sm36»JKl. SmWcm - 2 (3 6 5 n 

m) ) £ 2 Ofl-HHtlfc. #6tLfe*4^TF/**««fr#fl-«rfflv»fc**-fe>UF 3 lifts 

fix Iil5^^r^"e*i9. mffifc»«&!lFLfcAiR*«fflLfco 

m*3t£M*1S:*»5eLrt:« Mix HI 1 <K>%¥-Jkh *) > V-^f-Tfcco 

fcAnalyzer^3fc«K*fr LT-eft-ett.4 5° tftiJ:^ K-fc? Hfco 1 k H z »jE3$i£ 

fi(7) 2 5 Tj-e&&o 
[£**l 7 ] 

[0 0 6 1 ] 

**«2^«ft«IftteB 2***00 6 fcP5CJ:?fc, *S«ffi3fe«t WW^T^^** ( 
OM»:«fifL, #&*lfc«feJI>* 5 5. 0 t^fM S -eiD&Lfco S«<^M 
R8»i 1 2/*nre** 0 iO*lt3ffi-C, *^3fc (*n*5*JKl. 5mWcm- ! (3 6 5 nm 
) ) *2 053-MJS«tLfco mbtltzUbfr^/m&m&tt&G 3 Mt*«W19iJ: *#«■*»» 

tfl5fc«K&A,-ex 5 o v*>saKmff*ePiuLfcfc£a* /*7-cmtvB*)2lk 

«F*H£g£{lU ilft* 1 0-5 or^H^iLTWfllKmjIl^V/* 7 ^ 

afties rt -e 2 ttn*«ma"*-* c t *«b l fc« 

[#1*00 8 ] 
[0 0 6 2] 

#n#jmitaft* 55. o *c t Ltzvmit&mm 1 tmcziK LTii^/iSBW 
*t*m 3 *#*:. ioa-&*t»H 3 ii*awT^aftfc*w»Tfe*»wte**#te**8i 

Lfco ioto***0l3 fcWCJ:? ^LT*-<Wk*»SLfcfcc:*, 3 5ti:^»t* 

2. 3X10-'mV \ 2 5 mSstfa * -^&»* 2 . 2X10" 9 mV 
- 2 -e&ofco (3 5^*-1e!S[) / (2 5"CO*-5e^) =1. 0 5 ~e* »J , iajSte 

[**0O 9 ] 
[0 0 6 3 ] 

?£ H B H *mt*y -7 -<Z> £: LT«fl»flMfcA 1 * 8 4 . 4 8|t%, =^fg1£-e* 
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vy>^t?i^7^ 'J V- h-C&& h x ) * f n-*^ny«> h 'J 'J V- b£ 6. 4 
9li%> ^ yr>$-^-ri>-ftg14^y7--C i *S 1 . 4-y (4- (6- 

^^->;w^-^r -» ;w^-^r->) - 2 f^U'O-tf 8. 5 7li 

%> 3t&&®teMt LT2 . 2' h^rv'7x^jW7-bh7xy>^0. 4 6S&96 

^L« B B B &J»I 2«U:, ftA&A&I 2<Ol -BP^Ii3 8. 6mofc 

o fe&m&®h 2 k&^&jimjm 1 2£ffiv>£&*i.f;mifee!]i tracM klti^ 

3 5 rfcStt* 1. 6 5X10" * mV 8 * 2 5 "C 1 . 

6 4X10" 9 mV 2 -Ciofco (3 5tO*-SE&) / (2 5*CO*-S^) -1. 

0 1 -e* *> ^ fiJK-»#l!t*VJs 7i ? to ^o/: B 
[gffifll 10] 

[0 0 6 4 ] 

^W^t^y^-Oil^t UTfftSJfellRISjA 1 *7 9. 3 8 **%. HJ*f-n- 
h >; 7* 9 V- h£ 8 . 6 1, 4 - v (4 - ( 6 - (7* 'J a*< ;w 

^^->;W*^r-» ^> W - 2 - ;* Jl"0-lf > £ 1 1. 3 8ti% 

> 7fcl^SMtUT2, 2*. -V* >4f->7*-;WT-b h 7*^ ^Sr 0. 6 3S»96i& 
^Ufc?&H B B &J&!i&Jj 2 *P»tfc« 7&B B di&l£^J 2 CO I -C h£»i 3 4.6 tfiofc, 
%A9fiA«A 2 £&&%Ifc&ftto J 2 *Ev>fcJSW4*ttfll 1 tWDJ: 1 
^a B a «-&^J 3«r»»Lfco J 3li£fi&T<&fiJ£fci3V»T'b*«W19:fc 

5*Cfc*5*t£:fr-'8M&l±l . 1 X 1 0" 9 mV" * . 2 5T5fc*lt*-*-«»»il. IX 

1 0" 9 mV" 1 Tfcofc. (3 5X;<0*-Je») / (2 5T30*-S3&) = lt*>), 

mmm 1 1 ] 

[0 0 6 5] 

7& B B B^fc^/v-coii-^%it LT^ 0 B a *ifiE^A 1 «r6 9. 0 3li%, MM-^o- 
i^DA> h 'J 'J V- »•* 1 2. 9 3li%> 1, 4 -v> (4 - (6 - (7^'Jo^ 
^3r->;w#*->) "OVW W^f-» - 2-^^;v^v-^>^r 1 7. 0 8ii 
3fea-&K*&jWfc LT2, 2' -y>>#'>7*-;V7-bh7x/V«:0. 9 6lt% 
&*Lfc%A*l]£ttK 2 *P«Lfco }£ B s B 0fi£^K2O'I-Ch,<iMi2 6. 4t;-e*ofc 
o *£ B B B *&J»A 2 ^IRjLfKJU&MK 2 SrfflWcJsWiHifcfll liWC^H LTiifr^ 
/«[ B B B IM^K 3 fcHSLfco COH-ft-Wfl-K 3 J4MUlTOiflJKM*v»T<>?SE»W14 

3 5 TJKi3 It 2 . 98X10" 10 mV" 2 s2 5 T3fci3»** * -flllfctt 2 

. 9 2 X 1 0" 1 0 mV 2 fiofc, (3 5 "C<7># -5e$0 / (2 5 *CC? * - jeSO = 
1. 0 2-C&*K fiMt#tt#'h3v>£fc:*«4b:&>ofc. 

[0 0 6 6 ] 

[ElBcomm'Srra] 
[0 0 6 7 ] 

[m i ] *- &*£W£^*>t a kai^**^ 

[HI 2] mfr* <0 l«lKlov>Til)J5g$^*-«Jfc (K) fci&JK*OlW« 

[i3] ^^/?S B B B ^^-^^ov^TiliJSL^tfe$L7'n7'f ;u?r^i-p 

[HI 4] ^^/?|£ H B B «^W^ov>TiaiJ5eL7 v cS^^tri^JtOiaj^^'fk'$r^1-o 

[us] mKuwffi-b/i/oiittWffi^^-vi^^o 
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